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Schematic drawings, physical illustra-
tions, descriptions, and complete de-
tails of the manifold system and the 
augmentation system (if used) shall be 
submitted. 

(g) Tests. (1) Conduct the first set of 
simultaneous measurements with the 
candidate and reference methods: 

(i) Table C–1 of this subpart specifies 
the type (1-or 24-hour) and number of 
measurements to be made in each of 
the three test concentration ranges. 

(ii) The pollutant concentration must 
fall within the specified range as meas-
ured by the reference method. 

(iii) The measurements shall be made 
in the sequence specified in table C–2 of 
this subpart, except for the 1-hour SO2 
measurements, which are all in the 
high range. 

(2) For each pair of measurements, 
determine the difference (discrepancy) 
between the candidate method meas-
urement and reference method meas-
urement. A discrepancy which exceeds 
the discrepancy specified in table C–1 
of this subpart constitutes a failure. 
Figure C–1 of this subpart contains a 
suggested format for reporting the test 
results. 

(3) The results of the first set of 
measurements shall be interpreted as 
follows: 

(i) Zero failures: The candidate meth-
od passes the test for comparability. 

(ii) Three or more failures: The can-
didate method fails the test for com-
parability. 

(iii) One or two failures: Conduct a 
second set of simultaneous measure-
ments as specified in table C–1 of this 
subpart. The results of the combined 
total of first-set and second-set meas-
urements shall be interpreted as fol-
lows: 

(A) One or two failures: The can-
didate method passes the test for com-
parability. 

(B) Three or more failures: The can-
didate method fails the test for com-
parability. 

(iv) For SO2, the 1-hour and 24-hour 
measurements shall be interpreted sep-
arately, and the candidate method 
must pass the tests for both 1- and 24- 
hour measurements to pass the test for 
comparability. 

(4) A 1-hour measurement consists of 
the integral of the instantaneous con-

centration over a 60-minute continuous 
period divided by the time period. Inte-
gration of the instantaneous con-
centration may be performed by any 
appropriate means such as chemical, 
electronic, mechanical, visual judg-
ment, or by calculating the mean of 
not less than 12 equally-spaced instan-
taneous readings. Appropriate allow-
ances or corrections shall be made in 
cases where significant errors could 
occur due to characteristic lag time or 
rise/fall time differences between the 
candidate and reference methods. De-
tails of the means of integration and 
any corrections shall be submitted. 

(5) A 24-hour measurement consists 
of the integral of the instantaneous 
concentration over a 24-hour contin-
uous period divided by the time period. 
This integration may be performed by 
any appropriate means such as chem-
ical, electronic, mechanical, or by cal-
culating the mean of twenty-four (24) 
sequential 1-hour measurements. 

(6) For O3 and CO, no more than six 1- 
hour measurements shall be made per 
day. For SO2, no more than four 1-hour 
measurements or one 24-hour measure-
ment shall be made per day. One-hour 
measurements may be made concur-
rently with 24-hour measurements if 
appropriate. 

(7) For applicable methods, control or 
calibration checks may be performed 
once per day without adjusting the test 
analyzer or method. These checks may 
be used as a basis for a linear inter-
polation-type correction to be applied 
to the measurements to correct for 
drift. If such a correction is used, it 
shall be applied to all measurements 
made with the method, and the correc-
tion procedure shall become a part of 
the method. 

[62 FR 38784, July 18, 1997, as amended at 75 
FR 35601, June 22, 2010] 

§ 53.33 Test Procedure for Methods for 
Lead (Pb). 

(a) General. The reference method for 
Pb in TSP includes two parts, the ref-
erence method for high-volume sam-
pling of TSP as specified in 40 CFR 50, 
appendix B and the analysis method for 
Pb in TSP as specified in 40 CFR 50, ap-
pendix G. Correspondingly, the ref-
erence method for Pb in PM 10 includes 
the reference method for low-volume 
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sampling of PM 10 in 40 CFR 50, appen-
dix O and the analysis method of Pb in 
PM 10 as specified in 40 CFR 50, appen-
dix Q. This section explains the proce-
dures for demonstrating the equiva-
lence of either a candidate method for 
Pb in TSP to the high-volume ref-
erence methods, or a candidate method 
for Pb in PM 10 to the low-volume ref-
erence methods. 

(1) Pb in TSP—A candidate method 
for Pb in TSP specifies reporting of Pb 
concentrations in terms of standard 
temperature and pressure. Comparisons 
of candidate methods to the reference 
method in 40 CFR 50, appendix G must 
be made in a consistent manner with 
regard to temperature and pressure. 

(2) Pb in PM 10—A candidate method 
for Pb in PM 10 must specify reporting 
of Pb concentrations in terms of local 
conditions of temperature and pres-
sure, which will be compared to simi-
larly reported concentrations from the 
reference method in 40 CFR 50 appendix 
Q. 

(b) Comparability. Comparability is 
shown for Pb methods when the dif-
ferences between: 

(1) Measurements made by a can-
didate method, and 

(2) Measurements made by the ref-
erence method on simultaneously col-
lected Pb samples (or the same sample, 
if applicable), are less than or equal to 
the values specified in table C–3 of this 
subpart. 

(c) Test measurements. Test measure-
ments may be made at any number of 
test sites. Augmentation of pollutant 
concentrations is not permitted, hence 
an appropriate test site or sites must 
be selected to provide Pb concentra-
tions in the specified range. 

(d) Collocated samplers. The ambient 
air intake points of all the candidate 
and reference method collocated sam-
plers shall be positioned at the same 
height above the ground level, and be-
tween 2 meters (1 meter for samplers 
with flow rates less than 200 liters per 
minute (L/min)) and 4 meters apart. 
The samplers shall be oriented in a 
manner that will minimize spatial and 
wind directional effects on sample col-
lection. 

(e) Sample collection. Collect simulta-
neous 24-hour samples of Pb at the test 
site or sites with both the reference 

and candidate methods until at least 10 
sample pairs have been obtained. 

(1) A candidate method for Pb in TSP 
which employs a sampler and sample 
collection procedure that are identical 
to the sampler and sample collection 
procedure specified in the reference 
method in 40 CFR part 50, Appendix B, 
but uses a different analytical proce-
dure than specified in 40 CFR Appendix 
G, may be tested by analyzing pairs of 
filter strips taken from a single TSP 
reference sampler operated according 
to the procedures specified by that ref-
erence method. 

(2) A candidate method for Pb in 
PM 10 which employs a sampler and 
sample collection procedure that are 
identical to the sampler and sample 
collection procedure specified in the 
reference method in 40 CFR part 50, Ap-
pendix O, but uses a different analyt-
ical procedure than specified in 40 CFR 
Appendix Q, requires the use of two 
PM 10 reference samplers because a sin-
gle 46.2-mm filter from a reference 
sampler may not be divided prior to 
analysis. It is possible to analyze a 
46.2-mm filter first with the non-de-
structive X-ray Fluorescence (XRF) 
FRM and subsequently extract the fil-
ter for other analytical techniques. If 
the filter is subject to XRF with subse-
quent extraction for other analyses, 
then a single PM 10 reference sampler 
may be used for sample collection. 

(3) A candidate method for Pb in TSP 
or Pb in PM 10 which employs a direct 
reading (e.g., continuous or semi-con-
tinuous sampling) method that uses 
the same sampling inlet and flow rate 
as the FRM and the same or different 
analytical procedure may be tested. 
The direct measurements are then ag-
gregated to 24-hour equivalent con-
centrations for comparison with the 
FRM. For determining precision in sec-
tion (k), two collocated direct reading 
devices must be used. 

(f) Audit samples. Three audit samples 
must be obtained from the address 
given in § 53.4(a). For Pb in TSP col-
lected by the high-volume sampling 
method, the audit samples are 3⁄4 × 8- 
inch glass fiber strips containing 
known amounts of Pb in micrograms 
per strip (μg/strip) equivalent to the 
following nominal percentages of the 
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National Ambient Air Quality Stand-
ard (NAAQS): 30%, 100%, and 250%. For 
Pb in PM 10 collected by the low-vol-
ume sampling method, the audit sam-
ples are 46.2-mm 
polytetrafluorethylene (PTFE) filters 
containing known amounts of Pb in 
micrograms per filter (μg/filter) equiva-
lent to the same percentages of the 
NAAQS: 30%, 100%, and 250%. The true 
amount of Pb (Tqi), in total μg/strip 
(for TSP) or total μg/filter (for PM 10), 
will be provided for each audit sample. 

(g) Filter analysis. 
(1) For both the reference method 

samples (e) and the audit samples (f), 
analyze each filter or filter extract 
three times in accordance with the ref-
erence method analytical procedure. 
This applies to both the Pb in TSP and 
Pb in PM 10 methods. The analysis of 
replicates should not be performed se-
quentially, i.e., a single sample should 
not be analyzed three times in se-
quence. Calculate the indicated Pb con-
centrations for the reference method 
samples in micrograms per cubic meter 
(μg/m3) for each analysis of each filter. 
Calculate the indicated total Pb 
amount for the audit samples in μg/ 
strip for each analysis of each strip or 
μg/filter for each analysis of each audit 
filter. Label these test results as R1A, 
R1B, R1C, R2A, R2B, etc., Q1A, Q1B, Q1C, 
etc., where R denotes results from the 
reference method samples; Q denotes 
results from the audit samples; 1, 2, 3 
indicate the filter number, and A, B, C 
indicate the first, second, and third 
analysis of each filter, respectively. 

(2) For the candidate method sam-
ples, analyze each sample filter or fil-
ter extract three times and calculate, 
in accordance with the candidate meth-
od, the indicated Pb concentration in 
μg/m 3 for each analysis of each filter. 
The analysis of replicates should not be 
performed sequentially. Label these 
test results as C1A, C1B, C2C, etc., where 
C denotes results from the candidate 
method. For candidate methods which 
provide a direct reading or measure-
ment of Pb concentrations without a 
separable procedure, C1A=C1B=C1C, 
C2A=C2B=C2C, etc. 

(h) Average Pb concentration. For the 
reference method, calculate the aver-
age Pb concentration for each filter by 
averaging the concentrations cal-

culated from the three analyses as de-
scribed in (g)(1) using equation 1 of this 
section: 

            1Equation

R
R R R

iave
iA iB iC=

+ +( )
3

Where, i is the filter number. 

(i) Analytical Bias. (1) For the audit 
samples, calculate the average Pb con-
centration for each strip or filter ana-
lyzed by the reference method by aver-
aging the concentrations calculated 
from the three analyses as described in 
(g)(1) using equation 2 of this section: 

            Equation 2

Q
Q Q Q

iave
iA iB iC=

+ +( )
3

Where, i is audit sample number. 

(2) Calculate the percent difference 
(Dq) between the average Pb concentra-
tion for each audit sample and the true 
Pb concentration (Tq) using equation 3 
of this section: 

         Equation 3

D
Q T

Tqi
iave qi

qi

=
−

× 100

(3) If any difference value (Dqi) ex-
ceeds ±5 percent, the bias of the ref-
erence method analytical procedure is 
out-of-control. Corrective action must 
be taken to determine the source of the 
error(s) (e.g., calibration standard dis-
crepancies, extraction problems, etc.) 
and the reference method and audit 
sample determinations must be re-
peated according to paragraph (g) of 
this section, or the entire test proce-
dure (starting with paragraph (e) of 
this section) must be repeated. 

(j) Acceptable filter pairs. Disregard all 
filter pairs for which the Pb concentra-
tion, as determined in paragraph (h) of 
this section by the average of the three 
reference method determinations, falls 
outside the range of 30% to 250% of the 
Pb NAAQS level in μg/m3 for Pb in both 
TSP and PM 10. All remaining filter 
pairs must be subjected to the tests for 
precision and comparability in para-
graphs (k) and (l) of this section. At 
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least five filter pairs must be within 
the specified concentration range for 
the tests to be valid. 

(k) Test for precision. (1) Calculate the 
precision (P) of the analysis (in per-
cent) for each filter and for each meth-
od, as the maximum minus the min-
imum divided by the average of the 
three concentration values, using equa-
tion 4 or equation 5 of this section: 

          Equation 4

          

P
R R

RRi
i i 

iave

=
−

×max min 100

or

  Equation 5

P
C C

CCi
i i 

iave

=
−

×max min 100

Where, i indicates the filter number. 

(2) If a direct reading candidate 
method is tested, the precision is deter-
mined from collocated devices using 
equation 5 above. 

(3) If any reference method precision 
value (PRi) exceeds 15 percent, the pre-
cision of the reference method analyt-
ical procedure is out-of-control. Cor-
rective action must be taken to deter-
mine the source(s) of imprecision, and 
the reference method determinations 
must be repeated according to para-
graph (g) of this section, or the entire 
test procedure (starting with para-
graph (e) of this section) must be re-
peated. 

(4) If any candidate method precision 
value (PCi) exceeds 15 percent, the can-
didate method fails the precision test. 

(5) The candidate method passes this 
test if all precision values (i.e., all PRi’s 
and all PCi’s) are less than 15 percent. 

(l) Test for comparability. (1) For each 
filter or analytical sample pair, cal-
culate all nine possible percent dif-
ferences (D) between the reference and 
candidate methods, using all nine pos-
sible combinations of the three deter-
minations (A, B, and C) for each meth-
od using equation 6 of this section: 

            6Equation

D
C R

Rin
ij jk

jk

=
−

× 100

Where, i is the filter number, and n numbers 
from 1 to 9 for the nine possible dif-
ference combinations for the three deter-
minations for each method (j = A, B, C, 
candidate; k = A, B, C, reference). 

(2) If none of the percent differences 
(D) exceeds ±20 percent, the candidate 
method passes the test for com-
parability. 

(3) If one or more of the percent dif-
ferences (D) exceed ±20 percent, the 
candidate method fails the test for 
comparability. 

(4) The candidate method must pass 
both the precision test (paragraph (k) 
of this section) and the comparability 
test (paragraph (l) of this section) to 
qualify for designation as an equiva-
lent method. 

(m) Method Detection Limit (MDL). 
Calculate the estimated MDL using the 
guidance provided in 40 CFR, Part 136 
Appendix B. It is essential that all 
sample processing steps of the analyt-
ical method be included in the deter-
mination of the method detection 
limit. Take a minimum of seven blank 
filters from each lot to be used and cal-
culate the detection limit by proc-
essing each through the entire can-
didate analytical method. Make all 
computations according to the defined 
method with the final results in μg/m3. 
The MDL of the candidate method 
must be equal to, or less than 5% of the 
level of the Pb NAAQS. 

[73 FR 67057, Nov. 12, 2008] 

§ 53.34 Test procedure for methods for 
PM 10 and Class I methods for 
PM 2.5. 

(a) Comparability. Comparability is 
shown for PM 10 methods and for Class 
I methods for PM 2.5 when the relation-
ship between: 

(1) Measurements made by a can-
didate method, and 

(2) Measurements made by a cor-
responding reference method on simul-
taneously collected samples (or the 
same sample, if applicable) at each of 
one or more test sites (as required) is 
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